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I. INTRODUCTION 
Dehydrophytosphingosine was isolated from flax phosphatide and shown 
to be identical to phytosphingosine, except for the presence of a trans 
double bond. This investigation was begun to establish the position of this 
double bond and determine the configuration of the asymetric carbon atoms. 
Along with the isolation and structural studies of this base, other 
interesting problems evolved concerning the nature of the lipids present in 
flax phosphatide. Phytoglycolipid, from which dehydrophytosphingosine is 
obtained, had been well characterized. However, since little was known of 
its intact structure, investigation was begun on the nature of phytoglycolipid 
precursor. 
The acetic acid extract of crude flax phosphatide, obtained in the 
isolation of phytoglycolipid, was known to contain long chain base. Thus, 
further investigation of this fraction seemed worthwhile. 
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II. HISTORICAL AND THEORETICAL 
A. Long Chain Bases Occurring in Nature 
1. Sphingoslne and Dihvdrosphlngosine 
Following its discovery by Thudichum (l) in 1882, Levine and 
West (2, 3) and Lapworth (4.) postulated that sphingoslne was a dihydroxy-
aminoheptadeoene-4» Preparation of the pure crystalline trlacetyl derivative 
by Klenk (5, 6) in 1929 led to the establishment of a dihydroxyaminoocta-
deoene-4 structure. Carter et al. (7-9) in 1947, using the periodate reagent, 
determined the structure of sphingoslne as l,3-dihydroxy-2-aminooctadecene-4 
(I). This structure was confirmed at the same time by Ono (10, 11) in Japan. 
The D configuration was first assigned to carbon 2 by Carter and 
Humiston (12) and later confirmed by Fodor, Kiss and Banfi (13) and also by 
Klenk and Faillard (14) using ozonolysis. The erythro relationship of 
carbon 3 to carbon 2 was established by the stereospecifio synthesis of 
dihydrosphingosine by Carter et al. (15) and later, the stereospecifio 
synthesis of sphingoslne by Jenny and Grob (16). Kiss (13) also reached the 
same conclusion by ozonolysis of triacetylsphingosine and comparison of the 
reduced four carbon fragment with D-erythro-2-amino-l.3
 f4-butanetriol. 
The trans configuration of the double bond in sphingoslne was shown 
by the infrared studies of Mislow (17) and Marinetti (18). The complete 
structure of sphingoslne is thus established as D-erythro-1.3-dlhydroxy-2-
amino-4-trang-octadecene (I). 
CH3(CH2)12-CH=CH-CH-CH-CH20H 
(I) 
3 
Dihydrosphingoslne, which is readily formed by catalytio hydrogenation 
of sphingoslne, was first shown to occur naturally in the larval form of the 
tapeworm, Cysticerous fasclolarls. by Lesuk and Anderson (19) in 1941. 
Later it was shown to occur in mammalian nerve tissue by Carter et al. (9, 20). 
A 20-carbon homolog of sphingoslne (II) was isolated from horse and 
beef brain by Prostenik in I960 (21), and after hydrogenation was shown to 
be identical with synthetic p-erythro-C2Qdihydrosphingosine (II) (22). 
CH--(CH )j,-CH=CH-CH-CH-CH20H 
(II) 
In vivo C3^ labeling experiments by Zabin and Mead (23, 24) and 
Sprinpon and Coulon (25) showed that carbons 1 and 2 and the nitrogen of 
sphingoslne are furnished by carbons 3 and 2 and the nitrogen of serine. 
Carbons 3-18 are formed by acetyl CoA by a long chain intermediate. 
Zabin (26) obtained an enzyme system from rat brain which synthesized 
ceramide from serine and palmityl CoA in the presence of added TPN, Mg and 
pyridoxyl phosphate. Later Brady et al. (27, 28) showed that dihydrosphingoslne 
could be synthesized enzymaticly from palmitic aldehyde and serine in the 
presence of pyridoxyl phosphate and Mh . 
Mn* + 
Palmitic aldehyde + serine > dihydrosphingoslne •+• C0 2 
pyridoxyl 
phosphate 
Brady (27, 28) suggests that the formation of sphingoslne involves the 
dehydrogenatlon of dihydrosphingoslne by a flavoproteln. However, his evidence 
on this point is far from conclusive, and it is also possible that sphingoslne 
may be synthesized by the condensation of serine -with a C, / intermediate of 
4 
higher oxidation state suoh as the ex-hydroxy or o(tp-unsaturated aldehyde 
or acid. 
2. Phytosphingosine and Dehydrophytosphingosine 
In 1911 a substance named cerebrln base was isolated from 
mushrooms by Zellner (29). Later a similar substance was isolated from 
yeast by Reindel (30, 31) and shown to be a trlhydroxyaminoeicosane. In 
1954 Carter et al. (32) isolated a long chain base from corn phosphatide 
which was identical to Reindel's cerebrin base. Its structure was established 
as l,3,4-trihydroxy-2-aminooctadecane (III), and it was named phytosphingosine. 
CH3-(CH2)13-CH-CH-CH-CH2OH 
(III) 
The D configuration at carbon 2 was established by the formation of N-benzoyl-
L-serinal after periodate oxidation of the N-benzoyl base (32). Racemic 
phytosphingosine has been synthesized by Stanacev and Prostenik (33). 
Further studies on yeast lipids by Oda (34-37), Prostenik and Stanacev 
(38, 39) and recently by Sweeley and Moscatelli (40) have shown that yeast 
contains both phytosphingosine and its Cog homolog (IV). 
0H 3-(0H 2) 1 5- K- S-CH 20H 
(IV) 
Tetraacetylphytosphingosine (V) was recently isolated as an extra-
cellular product from the yeast Hansenula ciferri by Stodola and Wickerham (41)• 
This yeast would be a good commercial source of phytosphingosine since the 
derivative can be extracted quite easily and in good yield. 
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OH3-(OH2)13-OH-^-p-0H2OAc 
Ac Ac Ac 
(V) 
An unsaturated analog of phytosphingosine, dehydrophytosphingosine (VI), 
has been isolated from soybean and flax phosphatides by Carter et al. (42-44). 
It is also present in peanut phosphatide (45). This base was shown to be 
identical to phytosphingosine except for a trans double bond as evidenced 
by hydrogenation and infrared studies. 
CH3-(CH2)g-CH=CH-(CH2)3-CH-CH-CH-CH2OH 
2 
(VI) 
A by-product formed during the acid hydrolysis of phytosphingolipids 
is anhydrophytosphlngoslne (VII). This compound was first isolated by Reindel 
(30, 31). Later studies by Carter et al^ (32) and O'Connell (46) showed 
that it had a tetrahydrofuran structure. Prostenik (47) has prepared several 
acyl derivatives of this base. 
CH,-(CHj,~-CH'°\JH9 
* * CH-CH A 
OH NHo 
(VII) 
The biosynthesis of phytosphingosine has not yet been determined, 
although some speculations can be made. One possibility is always the 
hydration of sphingoslne; however, a simpler and more direct route would be 
the condensation of serine withoc-hydroxypalmitic acid or aldehyde. 
CH3-(CH2)13-CH-CH0 + CH2-CH-C00H *- Phytosphingosine -+-C02 
6 
Stodola's yeast, Hansenula Clferri (41), would be a good system in which to 
study the biosynthesis of phytosphingosine. 
3. Other New Sphingoeine-like Bases 
A new long chain base has been reported in human plasma lipids 
by Sweeley and Moscatelll (40), Periodate oxidation and vpc analysis of the 
long chain aldehydes showed a peak with a greater retention time than the 
one from the aldehyde from sphingoslne. The hydrogenated aldehyde gave a 
peak identical with the one from the aldehyde from dihydrosphingoslne. This 
suggests that the new base has a dehydrosphingosine structure (VIII). 
CH3-(CH2)n-CH=CH-(CH2)10_n-CH=CH-CH-CH-CH2l -CH^OH 
1
 6H NH 
(VIII) 
Carter et al. (48, 49) have reported the oocurance of a new long chain 
base in wheat flour eerebrosldes. Vpc analysis of the aldehydes liberated 
by periodate oxidation showed a peak between that of sphingoslne and dihydro-
sphingoslne. Upon hydrogenation the peak shifted to the retention time of 
dihydrosphingoslne. This new base could be an isomer (IX) of sphingoslne 
in which the double bond is further out in the chain. 
CH3-(CH2)n-CH=CH-(CH2)i2_n-9H-CH"CH2( -CH-CHoOH 
(IX) 
Wheat flour eerebrosldes were also shown to contain dihydrosphingoslne, 
dehydrophytosphingosine and phytosphingosine in addition to the new long 
chain base. This was the first reported occurrance of a sphingoslne derivative 
in plant tissue. Phytosphingosine derivatives have not yet been found to 
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occur in animal tissue, although it is entirely possible that they could 
be present in small amounts. 
B. Phytoglyoolipid 
1. Isolation and Composition 
Phytoglycolipid (PGL), a glycolipid containing phytosphingosine, 
has been found to occur in a wide varie.ty of oil seeds. This lipid was 
first isolated in a purified form from com phosphatides by Carter et al. 
(32, 42), although earlier workers such as Folch (50, 51), Woolley (52) and 
others (53-55) had isolated inositol lipid fractions from plant seeds which 
could well have contained considerable amounts of PGL. PGL has also been 
isolated from soybean, flax, peanut, cottonseed oil, sunflower seed oil, 
and wheat germ oil phosphatides (42). 
The isolation of PGL from crude flax phosphatide is outlined in Fig. 1. 
Crude phosphatide was extracted with glacial acetic acid to remove lecithin, 
cephalin and any residual oils. Various non-lipid materials were removed 
by distribution between benzene and aqueous acetic acid. Sterol glycosides 
were extracted with chloroform-ethanol (2:1) leaving purified inositol 
lipid (IL). IL was then subjected to a mild alkaline hydrolysis (Thannhauser-
Schmidt, 1 N KOH, 37°, 24 hours) which hydrolyzes ester bonds, but leaves 
amides and certain types of phosphate esters intact. The crude PGL obtained 
at this point was further purified by solution in pyridine and precipitation 
with ethanol. Analyses of crude phosphatide, IL and PGL are given in Table 1. 
Purified PGL is a white powder, soluble in organic bases, ohloroform-
methanol and dimethyl sulfoxide, but insoluble in benzene, ether and other 
less polar solvents. It has a specifio rotation of about+48°. Studies of 
the hydrolysis products show that flax PGL is composed of 
Figure 1 
Aoetone Insoluble Flax Phosphatides (200g.) 
glacial acetic acid 
Insoluble Residue (lOOg. moist weight) 
benzene-aqueous acetic acid 
v 
Soluble in Benzene (82.5g.) 
ethanol-chloroform 
Insoluble - Inositol Lipid 
mild saponification (T-S) 
acidification, addition of acetone 
Y 
Insoluble 
pyridine 
Y 
Soluble 
ethanol 
V 
Insoluble - Phytoglycolipid 
(6g. from 25g. inositol lipid) 
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Table 1 
Analyses of Flax Phosphatides 
Material 
Crude 
Phosphatide 
IL 
PGL 
Nitrogen 
% 
1.02 
0.63 
1.50 
Phosphorous 
% 
3.29 
3.39 
1.75 
LCB-Nitrogen 
% 
0.08 
0.28 
0.61 
Sugar 
(as galactose) 
% 
4.53 
6.89 
25. 
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dehydrophytosphingosine, fatty acid, phosphate, inositol and several carbo-
hydrates (glucuronic acid, glucosamine, marmose, arabinose, galactose and 
fucose) (44). Vapor phase chromatograpic analysis of the fatty acids present 
showed a predominance of palmitic acid with small amounts of stearic and a 
CgQ acid (probably saturated) (56). 
2. Structural Studies 
Flax PGL was readily cleaved into water soluble and chloroform 
soluble fractions by refluxing in saturated Ba(0H)2 for several hours. The 
chloroform soluble fraction contained a mixture of free base, ceramide and 
ceramide phosphate. The water soluble fraction contained a mixture of free 
and phosphorylated oligosaccharides. 
Multiple ascent paper chromatography of the crude phosphorous-free 
oligosaccharides showed the presence of two spots at Rf 0.0 and 0.1. The 
Rf 0.1 material, which was similar to the oligosaccharide obtained from corn 
PGL, contained inositol, glucuronic acid, glucosamine, mannose, arabinose 
and a slight amount of fucose. Mild acid cleavage of this material gave a 
trlsaocharide identical to that obtained from corn oligosaccharide and assigned 
the structure glucosaminido-glucuronido-inositol. The Rf 0.0 material 
contained neither hexosamine nor hexuronic acid, but inositol, much galactose, 
arabinose, fucose and small amounts of mannose. 
Refluxing PGL with 0.6 N methanolio HC1 for 3 hours gave a pure 
crystalline product consistent with structure (X) (43). PGL, thus, seems 
to have structure (XI). 
0 
Ceramide-OPO-inositol-glucuronio acid (methyl ester)-glucosamine 
0 
(X) 
11 
Ceramide-OPO-inositol-glucuronio acid-glucosamine 
1 
mannose /galactose, arabinose, (fucose) 
(XI) 
3. PGL-Precursor 
Flax IL was fractionated into two components by an eight 
transfer countercurrent extraction in hexane-butanol-methanol (44). The 
alcohol phase contained crude phosphatidyl inositol. The hexane phase 
contained most of the original long chain base and carbohydrate. This 
material was designated PGL-precursor since it contained a more Intact PGL 
than was obtained by mild alkaline hydrolysis. PGL-precursor had the following 
analysis: 1.0956 N, 2.5156 P, 0.48$ LCB-N and 11.0$ sugar (as galactose). 
It also contained 8.45$ ash (0.5$ Mg, 0.89$ Ca). Chromatographic studies 
showed the presence of inositol, galactose, arabinose, mannose, glucuronic 
acid, glucosamine and glycerol. 
PGL-precursor seems to consist of PGL chelated through Ca and Mg to 
phosphatidyl inositol or a phosphatidyl inositol glycoside. 
C. Phosphatidyl Inositol Glycosides 
1. From Microorganisms 
Anderson and co-workers (57) in 1938 demonstrated the existence 
of inositol glycosides in the lipids of Mycobacterium tuberculosis. Upon 
saponification of the phosphatides a phosphorylated mannose inositol glycoside 
and glyderol phosphate were isolated. The former could be further hydrolyzed 
with ammonia to give a non-reducing oligosaccharide (manninositoae) which 
contained mannose and inositol in the ratio 2:1. 
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Anderson and co-workers (58) also studied a phospholipid from Bacillus 
leprae which, upon hydrolysis, gave * mixture of fatty acids, glycerol 
phosphate, inositol, mannose and another sugar. Alkaline hydrolysis of the 
alcohol insoluble phosphatide yielded a mixture of glycerol phosphate and a 
phosphorylated polysaccharide containing mannose, inositol, glucose and 
fructose. 
Noulma (59) in 1959 isolated an oligomannoinositide fraction from 
wax D of BCG. From the mild alkaline hydrolysate he was able to isolate 
glycerophosphorylinositol, di-, tetra- and penta-mannoaides in pure forms 
as the barium salts. 
Vilkas and Lederer (60, 6l) have Isolated phosphatidyl inositol penta-
glucoside and phosphatidyl inositol mono- and di-mannoside from various 
strains of M. tuberculosis. The principal phospholipid was phosphatidyl 
inositol dimennoside. Structural studies on this lipid showed that it had 
a 6-0-ot-D-mannopyranosyl-o«-D-mannopyranosyl-inositol structure. The phosphate 
was linked in the 3 or 1 position to inositol. 
Pangborn (62) has isolated serologically active lipopolysaccharides 
from M. tuberCUIQBis similar to the above mentioned compounds. This suggests 
that the phosphatidyl inositol glycosides are responsible for serological 
activity. 
2. From Plants 
Several workers have isolated inositol lipid fractions containing 
carbohydrates from plant sources (63). These, however, have been insuffi-
ciently characterized and the presence of phosphatidyl inositol glycosides 
is not known. Hawthorne and Chargaff (64), upon hydrolysis of a somewhat 
impure soybean phosphoinositide, obtained what appeared to be glycosides of 
inositol phosphate. These could of course be hydrolysis products of PGL. 
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Studies of PGL-precursor in this laboratory have indicated the presence 
of a phosphatidyl inositol oligosaccharide in addition to PGL. This material 
(N, 0.25$; LCB-N, 0.06$j P, 1.35$J Anthrone, 47.3$) contained fatty acids, 
glycerol, phosphate, inositol, much galactose and small amounts of arabinose 
and fucose. Further studies are required to establish its homogeneity and 
structural features. 
III. DISCUSSION OF RESULTS 
A. Structural Studies of Dehydrophytosphingosine 
1. Isolation and Purification 
Dehydrophytosphingosine was isolated from flax PGL by both 
acid and alkaline hydrolysis. The base and its derivatives obtained by 
both proceedures had similar melting points, optical rotations and analyses 
indicating that little or no alteration had taken place during the acid 
hydrolysis. Better yields were obtained by acid hydrolysis since the 
phosphate and amide bonds are more readily cleaved under these conditions, 
A small amount of anhydro base was also formed under the acid conditions as 
shown by thin layer chromatography. 
The acetone compound of the long chain base was readily formed by 
treating the free base with hot acetone. Upon oooling, this beautifully 
crystalline derivative separated. This derivative appears to contain one 
acetone molecule in a cyclic structure. 
The N-benzoyl derivative was readily formed by the Schotten-Baumann 
proceedure. It crystallized nicely from ether-methanol. This derivative 
could be made from purified base or directly from the crude base in about 
the same overall yield. 
The N-benzoyl-trlacetyl derivative was formed in over 90$ yield by 
treatment of the N-benzoyl base with pyridine-acetic anhydride (1:1). This 
was also a nicely crystalline material. Properties of the phytosphingosine 
bases are shown in Table 2. 
Crude flax base was chromatographed over silicic acid and the pure 
long chain base eluted with chloroform-methanol (4:1). Both the earlier 
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Table 2 
Properties of Phytosphingosine Bases 
Compound Melting point £°^o 
Dehydrophytosphingosine 92-94° +8.5° 
Phytosphingosine 101.5-103° 
Acetone Compound of 
Phytosphingosine 105-107° +18° 
Aoetone Compound of 
Dehydrophytosphingosine 116-118° •+ 20° 
N-Benzoylphytosphingosine 135-136° 
N-Benzoyldehydrophyto-
sphingosine 125-127° 
N-Benzoyl-trlacetyl-
phytosphingosine 79.5-81° 
N-Benzoyl-trlacetyl-
dehydrophytosphingosine 77-79° +10° 
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and later fractions of the long chain base peak contained 15$ phytosphingosine 
and 85$ dehydrophytosphingosine as shown by vpc analyses of the long chain 
aldehydes produced after periodate oxidation. This is consistent with 
the fact that the two bases could not be separated by thin layer chroma-
tography on silica gel. 
The free base and the acetone, N-benzoyl- and N-benzoyl-triacetyl 
derivatives all contained the same ratio of saturated to unsaturated base 
even after repeated recrystallizations. The N-benzoyl-trlacetyl derivatives 
could be separated by thin layer partition chromatography on siliconized 
silica gel with the solvent system acetonitrile-acetic acid-water (70:10:25). 
The unsaturated and saturated derivatives had Rf values of 0.23 and 0.21 
respectively. 
In order to obtain pure samples of N-benzoyl-triacetylphytosphingosine 
and N-benzoyl-triacetyldehydrophytosphingosine, countercurrent distribution 
was carried out using the solvent system acetonitrile-hexane (65). After 
800 transfers two peaks were observed at tubes 72 and 101 as shown in Fig. 4. 
Pure dehydrophytosphingosine and phytosphingosine derivatives were obtained 
from tubes 50-70 and 102-105 respectively. The former melted at 77-79° and 
the latter at 79.5-81°. In view of these favorable results, countercurrent 
distribution would seem to be an ideal preparative method for the separation 
of sphingoslne and phytosphingosine bases. 
2. Base Compositions of PGL from Various Sources 
Samples of flax, soybean, peanut and corn PGL were hydrolyzed 
and the crude long chain base fractions oxidized with periodate. The 
resulting long chain aldehydes were analyzed by vpc. Table 3 shows the 
composition of long chain base from the various sources. 
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Table 3 
Base Compositions of PGL 
Source 
Flax 
Soybean 
Peanut 
Corn 
Phytosphingosine 
$ 
15 
20 
50 
90 
Dehydrophyto sphingo s ine 
$ 
85 
80 
50 
10 
18 
3. Position of the Double Bond in Dehydrophytosphingosine 
The position of the double bond in dehydrophytosphingosine 
was determined by two different degradations as shown in Fig. 2. In one 
experiment the N-benzoyl-trlacetyl derivative was hydroxylated with performic 
aoid. Cleavage of this product with periodate yielded a long chain aldehyde 
which was oxidized to the corresponding fatty acid with silver oxide. In 
a second experiment, oxidative ozonolysis of dehydrophytosphingosine gave 
a fatty aoid identical to that obtained in the first experiment and identified 
as decanoic acid by vpc analysis of its methyl ester. Thus the position of 
the double bond in dehydrophytosphingosine was established as being in the 
C-8,9 position, 
Ozonization as a method for determining the position of a double 
bond deserves some comment. The use of a reactive solvent such as methanol 
or acetic aoid in the ozonization of oleic acid was reported to give higher 
yields than ozonization in nonreactive solvents such as ethyl acetate or 
heptane (66), With methanol as the solvent ozonolysis can be carried out 
at temperatures as low as -70°, thus keeping side reactions at a minimum (67). 
Another problem to be considered is the cleavage of ozonides. 
Hydrogen peroxide and formic acid have been used by several workers in 
oxidative cleavage of ozonides (68, 69), This method is not completely 
quantitative and is not particularly suited for micro-analyses, A more 
attractive micro-method was reported by Privett and Blank (70), A few 
milligrams of sample are ozonized in methanol. Ozone and oxygen are removed 
from the solution by a nitrogen purge and hydrogen is bubbled through at 
room temperature in the presence of Lindlar catalyst. Removal of the catalyst 
leaves a solution of aldehydes which can be analyzed directly by vpc. 
Figure 2 
Degradations of dehydrophytosphingosine 
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Although hydrogen peroxide and formic acid were used to cleave the 
ozonides i n this invest igat ion, the method of P r ive t t and Blank would seem 
to be preferable for any future ozonolysis s tudies . 
4 . N to 0 Acyl Migration of N-Benzoyl Anhydrophytosphlngoslne 
In order to obtain some information about the configuration of 
the amino and hydroxyl groups in anhydrophytosphlngoslne, N to 0 aoyl migration 
of N-benzoyl anhydrophytosphingosine was studied. 
In 1 N acid a t 25°, cis-2-acetamidocyclohexanol was found to undergo 
migration about s ix times as rapidly as the t rans form (71). Migration 
studies on e l s - and trana-2-benzamidocyclohexanol showed an even greater 
difference (72). Similarly, studies on the a l l t rans N, N'-dibenzoylstrept-
amine (XII) showed no migration even af ter several weeks in 0.7 N ethanolic 
(XII) 
HCl at room temperature (73). A possible mechanism for acyl migration 
involves the formation of a cyclic intermediate (71). 
; i i j i i 
SH OH HN .0 NH, 6 
Jo x + 9° 
R R X0H R 
N-benzoyl anhydrophytosphingosine was incubated at room temperature 
in 0.7 N ethanolic HCl. The rate of migration was followed by IR spectroscopy. 
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About half of the benzoyl groups had migrated after 91 hours and migration 
was complete after 15 days. Although there is some danger in equating the 
effects on a tetrahydrofuran ring with those on a cyclohexane ring, it 
does appear from the rapid rate of migration that the amino and hydroxyl 
groups are cis. 
The ooourance of racemization at oarbons 2 and 3 under the acidic 
hydrolysis conditions seems unlikely, although it cannot be ruled out 
altogether. Work in this laboratory has shown that dihydrosphingoslne 
ceramide under the same acidic conditions gives excellent yields of optically 
active base with no formation of 0-methyl ethers. 
The amino group of phytosphingosine was shown to have the D configu-
ration by Carter et al. (32). Thus carbon 3 may be assigned the D configu-
ration, sonce the hydroxyl and amino groups in the anhydro base were shown 
to be cis. 
5. Configuration of Phytosphingosine at Carbon 4-
Phytosphingosine was treated with an equal molar amount of 
periodate. The resulting long chain aldehydes were oxidized with silver 
oxide. Pentadecanoic acid and tx-hydroxypalmitic acid were isolated after 
chromatography on silicic acid. Due to the small amount of hydroxy acid and 
the lack of a suitable dihydroxy acid standard for thin layer chromatography, 
no o(fp -dihydroxy acid could be isolated. 
From the relative amounts of the acids isolated it was evident that 
periodate oxidation favored ^ -glycol cleavage. Since o<-amino alcohols 
are oxidized fastest at pH 7-8 and<*-glycols at pH 3-5 (74), higher yields 
of hydroxy acids might be obtained by oxidation in a buffered medium at 
pH 7-8. 
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The ^ -hydroxy palmitic acid isolated had an optical rotation of +10 
(c 0.77 in 50$ aq. ethanol) as the sodium salt. This compares favorably 
with the rotation reported for sodium D-o<-hydroxypalmitatej + l60 (c 1.4 in 
50$ aq. ethanol) (75). Thus, carbon 4- of phytosphingosine may be assigned 
the D configuration, and the structure of phytosphingosine is established 
as being D-ribo-1.3.4-trlhydroxy-2-amlnooctadecane. 
Differences have been shown in the IR spectra of erythro- and threo-
ot, JB -dlhydroxy fatty acids (76). If the ot>p -dihydroxy acid could be isolated 
after the periodate oxidation of phytosphingosine, its IR spectrum would 
establish the relative configuration of the hydroxyl groups and thus confirm 
the configuration of phytosphingosine at carbon 3. 
B. PGL-Precursor 
Flax IL can be separated into two fractions by counterourrent 
extraction in a hexane-butanol-methanol solvent system. The alcohol soluble 
material consists mostly of phosphatidyl inositol. The hexane soluble material 
contains most of the long chain base and carbohydrates. The latter, which 
has been named PGL-precursor, appears to be a complex mixture of PGL, other 
glycollpids and only a small amount of phosphatidyl inositol. This material 
contains 1.4$ calcium and magnesium which probably participates in the 
formation of complex mixed chelates. 
Various attempts have been made to fractionate PGL-precursor, Silicic 
acid chromatography of this material gave three major peaks (chloroform and 
chloroform-methanol 12:1 and 1:1) each of which contained hexosamine and 
long chain base and gave similar P and N analyses. This behavior can be 
explained by the formation of several different mixed calcium and magnesium 
chelates of PGL and other glycollpids. 
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In order to fractionate PGL-preoursor it seemed desirable to remove 
the calcium and magnesium ions. Dr. Nakazawa, in this laboratory, used EDTA. 
After several treatments, 0.2$ calcium and magnesium was still present. 
A more satisfactory proceedure was developed using a chelating resin 
(Chelex-100, Bio Rad). A single passage of PGL-precursor through this 
resin gave a preparation containing only 0.07$ calcium and magnesium. 
Chromatography of the calcium and magnesium-free PGL-precursor on 
G-25 Sephadex gave a single broad peak juBt after the hold-up volume. This 
would indicate a molecular weight in excess of 2500. Chromatography on 
G-50 Sephadex should be attempted since this type fractionates in the 
molecular weight range of 1000 to 10,000. Also, partition chromatography 
with aqueous pyridine on G-50 Sephadex may provide worthwhile fractionation. 
Studies by Dr. Nakazawa on aqueous acetone precipitation of EDTA 
treated PGL-precursor have indicated the presence of a phosphatidyl Inositol 
glycoside in addition to PGL. The homogeniety of this glycoside needs 
further study. Certainly some type of Sephadex or ion exchange chromato-
graphy or electrophoresis should effect a separation of these lipids. 
C. Disacoharlde Lipid from PGL 
Gluoosaminido and hexuronido linkages are fairly stable to mild acid 
hydrolysis, while mannosyl and galactosyl linkages are quite labile under 
the same conditions. Therefore, mild acid hydrolysis of PGL would be expected 
to give a basic PGL unit containing ceramide, inositol, glucuronic acid and 
glucosamine. This is indeed the case and data of Dr. Nakayama show that 
refluxing 0.6 N methanolic HCl for three hours is optimum for the formation 
of this basic unit. 
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Mild acid hydrolysis of soybean PGL according to the proceedure of 
Carter et al. (43) gave a lipid the structure of which was consistant with 
structure (XIII) as shown by its IR spectrum and analysis. 
0 
Cerami de-OPO-Inositol-Glucuronic Acid-Glucosamine 
0 (Methyl Ester) 
(XIII) 
Similar treatment of flax PGL gave a product which was identical with 
the soybean lipid as shown by thin layer Chromatography. 
Since this basic unit can only be derived from PGL and its presence 
can be clearly demonstrated by thin layer chromatography, this proceedure 
should be useful in demonstrating the presence of PGL in a lipid sample. 
Thin layer chromatography of PGL in several solvent systems was 
attempted, but unsatisfactory results were obtained. This could be due in 
part to the presence of complex calcium and magnesium chelates of PGL. 
D. Carbohydrate Fractions from Flax Phosphatides 
1. Acetic Acid-Soluble. Chloroform-Soluble Fraction 
Since the glacial acetic acid extract of flax phosphatide was 
known to contain a small amount of long chain base, it wa3 investigated in 
the hope of finding a new phytosphingolipid. The chloroform-soluble fraction 
after mild alkaline hydrolysis was subjected to silicic acid chromatography. 
Seventy per cent of this material was eluted with ten per cent methanol in 
chloroform. It is probably a sterol glycoside since it was strongly anthrone 
and Liebermann-Burchard positive. A fraction containing long chain base was 
eluted with eighty per cent methanol in chloroform. Since it amounted to only 
a few per cent of the original material it was not characterized to any great 
extent. 
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2. tfater-Soluble Fractions 
The water-soluble f ract ion from the acet ic acid extract of 
flax phosphatide contained 25$ carbohydrate. The methanol-insoluble fract ion 
of th is material was subjected to ascending paper chromatography with 
butanol-pyridine-vater (6:4s5). A major spot with an Rf value of 0.06 
was detected, 
A similar material was obtained directly from the crude phosphatide 
by ohloroform-methanol-water d i s t r ibu t ion . I t was ninhydrin posi t ive and 
gave a posi t ive t e s t for hexuronic acid. Paper chromatography of the 
hydrolysis products showed the presence of inos i to l , glucosamine, and mannose. 
Chromatography of th is material on G-25 Sephadex gave a major peak 
which was eluted af ter 1250 ml. Material eluting at th is point would 
correspond to a t e t r a - or t r i -saccharide in molecular weight. I t contained 
inos i t o l and had a phosphorous to nitrogen to hexuronic acid r a t i o of 1:1:2, 
Considering the approximate molecular weight of this material , i t is most 
l ike ly a mixture of several different oligosaccharides. Further fractionation 
of th is material might be accomplished by ion exchange chromatography. 
Since th i s material contains inos i to l , glucuronic acid, glucosamine 
and mannose which are al3o components of PGL, the biochemical significancp 
and relat ionship of these oligosaccharides to PGL may prove quite in te res t ing . 
PGL may serve as a transport agent for these oligosaccharide uni ts in the 
plant system. Thus, further study of these oligosaccharides may shed some 
l igh t on the function of PGL i n p l a n t s . 
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IV. EXPERIMENTAL 
A. General Methods 
1. Melting Points 
All melting points were determined with a polarizing microscope 
equipped with a Kofler hot s tage , and are uncorrected. 
2. Infrared Spectra 
All infrared spectra were obtained on a Ferkin-Elmer model 137 
Infracord or on a Perkln-Elmer model 21 spectrophotometer. 
3 . Polarlmetry 
Optical activities were determined with 1 dm. cells on a 0. C. 
Rudoulf No. 179 polarimeter. An average of not less than eight readings 
was taken. 
4. Long Chain Base Nitrogen Analyses 
Most of the long chain base nitrogen (LCB-N) analyses were 
determined by the proceedure of McKlbbert and Taylor (77). Later, a modifi-
cation of the method of Lauter and Trams (78) was used. In this method 
10 rag. samples were refluxed in 5 ml, of 33$ concentrated HCl in methanol 
(4 N) for four hours. The contents were then transferred to a volumetric 
flask and diluted to volume with water. An appropriate aliquot was removed 
and analyzed according to the published method. In order to determine 
difficultly hydrolyzed lipidB such as sphingomyelin and ceramide phosphate, 
anhydrous methanolic HCl was used for the hydrolysis. 
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5. Thin Layer Chromatography 
a. Apparatus 
The Desaga apparatus for thin layer chromatography was 
used to prepare plates. Silica Gel G with CaSO, binder and Anisil S, a 
finely graded silicic acid with no binder, were used as adsorbents. 
b. Solvent Systems 
Fatty acids, aldehydes, sterols and other neutral 
lipids were separated on Silica Gel G with hexane-dlethyl ether-acetic acid 
systems (90:10:1 and 60:40:1). 
Mixtures of unsaturated and saturated neutral lipids were separated 
on a siliconized Silica Gel G plates (79) with acetonitrile-acetic acid-
water (70:10:25). Silica Gel G plates were immersed in a 5% solution of 
Dow Corning 200 Fluid in ether and used after the ether had evaporated. 
Long chain bases (free base and anhydro base) were separated in 
chloroform-methanol (4:1) on Silica Gel G. 
Phospholipids and glycolipids were separated on Anisil S with chloro-
form-methanol-water systems (70:22:3 and 60:35:8). 
c. Spray Reagents 
Iodine vapors were used to detect unsaturated and some 
nitrogenous lipids. 
A solution of o<-cyclodextrin (1$ in 30$ aqueous ethanol) followed by 
iodine vapors was used to detect saturated monochain lipids on siliconized 
plates, 
A solution of 2',7'-dichlorofluorescein (0.2$ in 96$ ethanol) was used 
to detect nonpolar lipids. The plates were viewed under U.V. light. 
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6. Vapor Phase Chromatography 
a. Apparatus and Columns 
The Aerograph A-350 gaB chromatographic apparatus was 
used. It was equipped with both a thermal conductivity detector and a 
flame ionization detector. A Brown-Honeywell 1 mv. recorder equipped with 
a disc integrator was used to record the peaks. For the analysis of long 
chain aldehydes a column containing glutaric acid-diethylene glycol polyester 
on siliconized Celite was used. It was prepared according to the details 
of Sweeley (40) and shall be referred to as the S & M column, A •£ inch 
S & M column was used with the thermal conductivity detector and a 1/8 inch 
column with the flame ionization detector for increased sensitivity and 
resolution. 
b. Analysis of Long Chain Base Aldehydes 
The proceedure of Sweeley and Moscatelll (40) was used 
with slight modifications. The lipid sample was hydrolyzed with methanolio 
sulfuric acid and worked up as described for the preparation of phytosphin-
gosine from phytoglycolipid (32). The crude base fraction was applied to a 
small silicic acid column and eluted with chloroform followed by chloroform-
methanol (1:4). The chloroform-methanol (1:4) fraction was evaporated, 
lyophilized from benzene, and treated with periodate according to Sweeley's 
proceedure. The reaction mixture was diluted with water and extracted 
twice with methylene chloride. The methylene chloride extracts were filtered 
and evaporated to dryness with a stream of nitrogen. The residue was 
dissolved in benzene and evaporated under nitrogen to a 1$ solution based 
on the original weight of long chain base. This solution was then analyzed 
by vpc using the S & M column at a temperature of 180° and a flow rate of 
75 ml. per minute of helium. _ 
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7. Sllloio Acid Chromatography 
Unless specified differently, all silicic acid column chroma-
tography was carried out using silicic acid prepared in the following way. 
Mallinkrodt silicic acid (100-200 mesh) was suspended in four volumes of 
methanol and allowed to settle for a few minutes. The fines were decanted 
and this process repeated several more times until the supernatant became 
clear. The silicic acid was then filtered on a Bttchner funnel, dried In 
vacuo and activated at 110° for twelve hours. 
The activated silicic acid was slurried in chloroform or some other 
suitable solvent, applied as a slurry to a column and allowed to settle by 
gravity, 
8, Sephadex Chromatography 
Dry Sephadex (400 g.) was stirred into a beaker containing 
three liters of water and allowed to settle for one half to one hour. The 
fines were decanted and this process repeated until the supernatant became 
clear. A large chromatographic tube (4.5 by 120 cm.) was filled with water 
and a wide stem funnel placed in the top through a rubber stopper. An 
eleotric stirrer was then placed in the funnel and a slurry of Sephadex in 
water poured into it. Stirring was begun and the gel grains were allowed 
to settle to the bottom of the column. When a layer of 2 to 5 cm. had 
formed, the stopcock was opened to allow a slow flow of water through the 
column. Several hours were required for the column to pack. 
The hold-up volume was determined with India ink. A liter of water 
was adjusted to pH 8-9 with concentrated ammonia. About 50 ml. of this 
solution were applied to the top of the oolumn and the solvent was drained 
just to the upper surface of the bed. Two drops of India ink in 2 ml. of 
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ammonia water were applied carefully to the surface of the bed. As soon as 
it had entered the bed the surface was washed with a small amount followed 
by 50 ml. of ammonia water. Elution was then continued with water. The 
band of India ink did not diffuse much more than 10 cm. through the column. 
The volume needed to elute the India ink was then the hold-up volume and 
was roughly equal to one half the total bed volume. 
9. Paper Chromatography 
Lipid hydrolysis products such as ethanolamine, choline, serine, 
inositol and glycerol were determined in the following way. A 20 mg. sample 
of lipid was hydrolyzed with 0.5 ml. of 6 N HCl in a sealed tube at 100° 
for twelve hours. The hydrolysate was filtered and evaporated to dryness 
in vacuo over KOH to remove HCl. The residue was then diluted with water, 
spotted on Whatman #1 paper and developed in an ascending manner using the 
solvent system 2-propanol-acetio acid-water (3:2:1). Periodate-benzidine 
(0.5$ sodium periodate followed in five minutes by 0.5$ benzidine in ethanol-
acetic acid 4*1), ninhydrln (0.5$ in water saturated butanol) and the 
Chargaff-Levine choline reagents were used to detect the spots. 
Supars were determined in the following way. A 20 rag. sample was 
hydrolyzed with 0.5 ml. of 0.5 N H2S0/ in a sealed tube at 100° for twelve 
hours. The hydrolysate was neutralized with IR-45 (0H~) resin, filtered 
and concentrated to a small volume. It was spotted on Whatman #1 paper and 
developed in a descending manner for 20 hours using the freshly prepared 
upper phase of the system ethyl acetate-acetic acid-water (3:1:3). 
1. India ink coagulates and will not pass through the column at 
neutral or acid pH. Thus, it is necessary to apply it in a slightly basic 
medium. 
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Aniline-phthalate spray was used to detect the spots. Based on arabinose as 
the standard (R. 1.00), galactose and mannose gave R values of 0.60-0.65 
and 0.78-0.85 respectively. 
B. Materials Utilized 
1. Crude Phosphatide 
Flaxseed phosphatide was obtained as a gift from the Minnesota 
Linseed Oil Co. It was washed several times with 2 to 3 volumes of acetone, 
oentrifuged and the insoluble oil-free phosphatide used for the various 
preparations described in the text. 
2. Inositol Lipid and Phytoglycolipid 
Inositol lipid (IL) and phytoglycolipid (PGL) were prepared 
from flax phosphatide as described by Carter et al. (44)• 
3. Phytoglycolipid-preoursor 
Phytoglycolipid-precursor was prepared from inositol lipid 
by a four-transfer countercurrent extraction between hexane, butanol and 
methanol as described by Carter et al. (44)• 
C. Structural Studies on Dehydrophytosphingosine 
1. Isolation and Purification 
a. Alkaline Hydrolysis 
Flax PGL (10 g.) was refluxed with one liter of saturated 
Ba(0H)2 solution for six hours. The hot hydrolysate was filtered through a 
medium fritted glass filter and the residue was washed with water and air 
dried (yield,* 7.65 g.j N, 1.23$J P, 1.74$). This material (7.5 g.) was 
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extracted with ether in a Soxlet apparatus for six hours removing 772 mg. 
of a mixture of ceramide and long chain base. This mixture was dissolved 
in 200 ml. of boiling methanol. The solution was cooled overnight and 
filtered thus removing most of the ceramide. The filtrate was decolorized 
with Darco and evaporated to dryness. The residue was recrystallized 
repeatedly from ether giving 73 mg. of crystalline base melting at 92-94°; 
frd^5 8.5° (c 1.2 in ethanol). 
Analysis Calcd. for C J NOy C, 68.36; H, 11.79; N, 4.43. 
Found: C, 67.04; H, 11.48; N, 4.23. 
Infrared analysis showed strong absorption at 970 cm (trans double bond). 
The free base was recrystallized from acetone giving an acetone 
compound melting at 114-116°; M p ° 15.9° (c 3.4 in chloroform). 
Analysis Calod. for C H NO : C, 70.99; H, 11.63; N, 3.94. 
Found: C, 70.67; H, 11.41; N, 3.97. 
b. Acid Hydrolysis 
One gram of flax PGL was hydrolyzed with methanolic 
sulfuric acid as described by Carter et al. (32). The yield of crude base 
was 145 mg. The crude base (145 mg.) was dissolved in 5 ml. of boiling 
acetone, and the solution was decolorized with Darco, filtered and cooled 
to 4°. After several hours a nicely crystalline precipitate formed which 
was filtered giving 55 mg. of acetone compound melting at 111-117°. Two 
recrystallizatlons from acetone gave 35 rag. of pure acetone compound melting 
at 116-118°; [<*]j;8 20.1° (c 1.4 in chloroform). Periodate oxidation and 
vpc analysis of the long chain aldehydes showed 15$ saturation and 85$ 
unsaturation (Fig. 3). 
Analysis Calcd. for C^H.^NO : C, 70.99; H, 11.63; N, 3.94. 
Found: C, 70.04; H, 11.44; N, 4.03. 
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Figure 3 
Vapor Phase Chromatography of Fatty Aldehydes 
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c. Silicic Acid Chromatography 
Crude flax base (4.2 g.), obtained by acid hydrolysis 
of inositol lipid, was applied to a 300 g. column of silicic acid. Fractions 
were collected and subjected to thin layer chromatography on Silica Gel G 
using chloroform-methanol (4:l) as a solvent (R„ of dehydrophytosphingosine, 
0,13; Rf of anhydro base, 0.8). The results are shown below. 
Fraction No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MeOH in CHC13 
$ 
5 
5 
10 
10 
10 
20 
20 
20 
20 
50 
Volume 
ml. 
300 
700 
400 
400 
400 
400 
400 
400 
400 
400 
Rf Values 
0, 
0. 
0.8 
•53, 0.8 
53, 0.8 
0.35 
0.35 
0.35 
0.07 
0.09 
0.13 
0.13 
Fraction 10 gave 356 mg. of crude base melting at 89-95°. Fractions 
7-9 were combined and lyophlllzed from benzene giving 1.9 g. of white powder. 
This material was crystallized three times from ethyl acetate to give 1.0 g. 
of microcrystalline dehydrophytosphingosine melting at 91-93°. Periodate 
oxidation and vpc analysis of the long chain aldehydes showed 15$ saturation 
and 85$ unsaturatlon. 
d. N-Benzoyl- and N-Benzoyl-triacetyldehydrophytospMngoaine 
Dehydrophytosphingosine (250 mg.) was converted to the 
N-Benzoyl derivative by the Schotten-Bauraann proceedure (32) giving 92.3 mg. 
of derivative melting at 125-127°. The N-benzoyl derivative was acetylated 
with acetic anhydride in pyridine (32) giving 110 mg. of 
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N-benzoyl-triacetyl derivative melting at 72-75°; ^ 3^5 -+-10° (0.O.76 
in chloroform). This material (100 mg.) was recrystallized twice from 
hexane to give 80 mg. of white crystals melting at 77-78°. 
Analysis Calcd. for c 3 lH 8N0?: C, 68.01; H, 8.85; N, 2.56. 
Found: C, 68.12; H, 8.77; N, 2.71. 
A 10 mg. sample was saponified in 1 N methanolic K0H at room temperature 
overnight. The solution was diluted with water and extracted several times 
with ether. The ether extract was treated with periodate. Analysis of the 
long chain aldehydes by vp<d showed 15$ saturation and 85$ unsaturation. 
e. Thin Layer Chromatography 
A Silica Gel G thin layer plate was immersed in a 5$ 
solution of Dow Corning Silicone 200 Fluid in ether. After the ether had 
evaporated the plate was spotted with the N-benzoyl-triacetyl derivatives 
of corn and flax base and developed in an acetonitrile-acetic acid-water 
(70:10:25) solvent system. The plate was exposed to iodine vapors to detect 
the unsaturated derivatives. The saturated derivatives were detected by 
spraying with a 1$ solution of <*-cyclodextrin in 30$ ethanol followed by 
exposure to iodine vapors, giving a white spot on a purple background. 
The R^ . values are shown below. 
Compound R_ Values 
N-Benzoyl-trlacetyl corn base 0,21 (<>c-cyclodextrin-I2) 
N-Benzoyl-trlacetyl flax base 0,21 (<x-cyclodextrin-I2)-trace 
0.23 (l2)-maln spot 
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f. Countercurrent Distribution 
Countercurrent distribution was carried out in a 
200 tube (ten milliliters per phase) Craig automatic apparatus. N-Benzoyl-
triacetyl flax base (1.05 g.) was added to the first four tubes and a 
800 transfer distribution was made with the recycling technique using an 
acetonitrile-hexane (2:3) solvent system. The weight distribution is shown 
in Fig. 4« The partition coefficients for the peaks at tubes 72 and 101 
were calculated as K = 0.099 and K = 0.144 respectively. 
Tubes 50-70 were combined and crystallized from hexane giving 332 mg. 
of crystals melting at 77-79°. 
Analysis Calcd. for C-j-jH/gNO,,: C, 68.01; H, 8.85; N, 2.56. 
Found: C, 68.12; H, 9.16; N, 2.64 
A 10 mg. sample was saponified in 1 N methanolic NaOH at room tempera-
ture overnight. Periodate oxidation and vpc analysis of the long chain 
aldehyde showed that this material was 100$ dehydrophytosphingosine derivative. 
Tubes 102-125 were combined and crystallized from hexane giving 
100 mg. of crystals melting at 79.5-81°. 
Analysis Calcd. for C31H50NO?: C, 67.85; H, 9.18; N, 2.55. 
Found: C, 68.27; H, 9.08; N, 2.79 
Similar analysis of this material showed it to be 100$ phytosphingosine 
derivative. 
2. BafltPttottPQsitions of PGL from Various Sources 
One gram samples of flax, soybean, peanut and corn PGL were 
analyzed by a modification of the Sweeley and Moscatelll proceedure as 
described in the general methods section. The results of these analyses 
below. 
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Source 
Crude flax base 
Crude Soybean base 
Crude peanut base 
Crude corn base 
Retention Times 
of Aldehydes 
min. 
5.7 
5.7 
5.7 
5.7 
6.2 
6.2 
6.2 
6.2 
Phytosphingos 
$ 
15 
20 
50 
90 
ine Dehydrophyto-
sphingosine 
$ 
85 
80 
50 
10 
The retention times of authentic dodecanal, tetradecanal, and octa-
decanal were 2.9 min., 4*6 min., and 11.9 min. respectively. The calculated 
retention time for pentadecanal is 5.7 min. (calculated from a plot of log 
retention time versus chain length). 
3. Position of the Double Bond in Dehydrophytosphingosine 
a. Hydroxylatlon of N-Benzoyl-triacetyldehydrophytosphingoslne 
To a solution of 30 mg. of N-benzoyl-triacetylphyto-
sphingosine in 2 ml. of redistilled formic acid, 0.05 ml. of 30$ H20 was 
added. The reaction mixture was shaken at 37° overnight and then lyophlllzed. 
The residue was dissolved in 15 ml. of methanol, titrated to nH 10 with 
methanolic K0H and allowed to stand at room temperature for several hours 
to saponify any formate esters. The solution was neutralized with perchloric 
acid and filtered to remove the insoluble KC10 . No attempt was made to 
4 
purify the hydroxylated derivative at this point. 
b. Periodate Oxidation of Hydroxylated Base 
One milliliter of 0,2 M NalO, was added to the methanolic 
solution of hydroxylated base and the mixture was allowed to stand at room 
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temperature in the dark, after one hour the solution was diluted with water 
and extracted twice with hexane. The combined hexane extracts were dried 
over anhydrous sodium sulfate. 
c. Silver Oxide Oxidation 
The hexane solution from the periodate reaction was 
evaporated to dryness and the residue dissolved in 10 ml. of methanol. 
Silver nitrate (34 mg.) was dissolved in the solution and 0.6 ml. of 0.5 N 
NaOH was added dropwise with stirring. After stirring for 1.5 hours the 
solution was filtered and the filtrate acidified to pH 1 with dilute HCl. 
The solution was diluted with an equal volume of water and extracted with 
two equal volumes of hexane. The combined hexane extracts were dried over 
anhydrous sodium sulfate and evaporated to dryness leaving 12.6 mg. of 
crude acid. 
d. Ozonolysis of Dehydrophytosphingosine 
Ozonolysis reactions were carried out in a homemade 
ozonizer similar to that described by Henne and Perilstein (80). Using 
an output of 18,500 volts from a high voltage transformer (Jefferson Electric 
Co., primary voltage 136 volts), 0.78$ ozone was produced at a rate of 
0.091 mmoles of ozone per minute. Analysis of ozone was carried out as 
described by Smith et al. (81). 
Dehydrophytosphingosine (30 mg.) was dissolved in a mixture of 2 ml. 
of glacial acetic acid and 3 ml. of methyl acetate and ozonized at -13°. 
Three milliliters of glacial acetic acid and 3 ml. of 30$ H20„ were added 
to the solution and the mixture incubated at 37° for three days. The mixture 
was heated to boiling briefly and the solvents evaporated in vacuo. 
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The residue (a viscous liquid) was diluted with 10 ml. of water, acidified 
with dilute HCl to pH 1 and extracted with two equal volumes of hexane. 
The combined hexane extracts were dried over anhydrous sodium sulfate and 
evaporated to dryness leaving 15 mg. of crude acid. 
In later experiments the base was dissolved in absolute methanol 
(3 mg. per ml.) and ozonized at -60°. The solvent was removed in vacuo. 
Redistilled formic acid (0.1 ml. per mg.) and 30$ HO (0.05 ml. per mg.) 
were added and the mixture incubated at 37° for three days. The reaction 
mixture was worked up exactly as described above. Similar results were 
obtained in both proceedures, although side reactions are less likely to 
occur in the latter. 
e. Identification of Fatty Acids from the Degradations of 
Dehydrophytosphingosine 
The fatty acids were converted to their methyl esters 
with diazomethane by the method of Schlenk and Gellerman (82). The methyl 
esters were analyzed by vpc using the S & M column. The results are shown 
below. 
Methyl Ester Retention Time Column Temperature 
min. °C 
From Ozonolysis 5.4 180 
Methyl Decanoate 5.4 180 
From Ag20 Oxidation 5.8 174 
Methyl Decanoate 5.8 174 
Methyl Dodecanoate 9.8 174 
Methyl Octanoate 3.7 174 
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4. N to 0 Acyl Migration of N-Benzoyl Anhydrophytosphingosine 
Twenty milligrams of N-benzoyl anhydrophytosphingosine 
(prepared by K. Mueller (32)) were dissolved in 9.4 ml. of absolute ethanol 
and 0.6 ml. of cone. HCl. The reaction mixture was incubated at room 
temperature. Aliquots (0.5 ml.) were removed, evaporated to dryness under 
a stream of nitrogen, dissolved in methanol and evaporated again to remove 
traces of HCl. The residue was then dissolved in 0.1 ml. of ohloroform 
and the IR spectrum was taken using a 1 mm. micro cell. The spectra (2000-
1500 cm.--'-) at various time intervals are shown in Fig. 5. After ninety-
one hours the amide band (1650 cm.--*-) was half its original intensity and 
an ester band (1730 cm."'-'-) of equal intensity had appeared. After fifteen 
days the amide band had disappeared and the ester band was quite intense. 
After three weeks the reaction solution was diluted with cold 1 N 
K0H and extracted with ether. The ether-soluble residue was crystallized 
from ether giving a material melting at 130-139°. The IR spectrum of this 
material was consistant with O-benzoyl anhydrophytosphingosine. 
5. Stereochemistry of Phytosphingosine at Carbon 4 
a. Periodate Oxidation of Phytosphingosine 
Phytosphingosine (300 mg., 0.945 mmoles) was dissolved 
in 23 ml. of methanol and 2 ml. of 0.442 M NalO^ were added. The mixture 
was incubated in the dark at room temperature. A 0.1 ml. aliquot was 
removed after ten minutes. Two milliliters of saturated NaHC03, 0.8 ml. 
of 0.0102 M NaH2As03 and 0.2 ml. of 20$ KI in saturated NaHC03 were added 
to the aliquot in that order. Starch indicator was added and it was titrated 
with 0.00996 M Ig. The I2 required was 0.835 ml. representing an uptake 
of 0.884 mmoles of periodate. 
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Figure 5: N to 0 Acyl Migration 
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After thirty minutes the reaction mixture was diluted with 25 ml. 
of water and extracted twice with ether. The ether extracts were combined, 
washed with water and dried over Na SO.. The ether was evaporated and the 
residue dissolved in 50 ml. of methanol. 
b. Silver Oxide Oxidation 
To the methanolic solution from the periodate reaction, 
306 mg. of AgN03 (dissolved in a few milliliters of water) was added and 
5.4^  ml. of 0.5 N NaOH added dropwise with stirring. Stirring was continued 
for 1.5 hours in the dark. The reaction mixture was filtered through a 
fine sinter. The filtrate was acidified to pH 1 with dilute HCl and diluted 
with 50 ml. of water. Thi3 mixture was extracted three times with ether. 
The ether extracts were combined, washed with water and dried over Na2SO.. 
The solvent was evaporated leaving 143.4 mg. of crude acid. 
c. Silicic Acid Chromatography 
Partition chromatography was carried out as described 
by Frankel, MoConnel and Evans (83). Fifty grams of silicic acid was slurried 
in 150 to 200 ml. of benzene and 4-0 ml. of 20$ methanol in benzene were added 
slowly with shaking. The slurry was applied to a column and allowed to 
settle. It was packed to a constant volume under nitrogen pressure. A 200 mg. 
mixture of palmitic acid and o<-hydroxy palmitic acid was applied to the column 
and elution begun with 2$ methanol in benzene. Palmitic acid was eluted after 
120 ml, and p<-hydroxy palmitic acid after 220 ml. The peaks were sharp and 
well resolved. 
The mixture of crude acids (143 mg.) from the silver oxide oxidation 
was applied to a similar column and elution begun with 2$ methanol in benzene. 
Fifty-milliliter fractions were collected as shown in Table 4. 
Table 4 
Silicic Acid Chromatography of Fatty Acids 
Milliliters of Eluant Solvent Composition Weight 
0-50 
50-100 
100-150 
150-200 
200-250 
250-300 
300-350 
350-400 
400-450 
450-500 
500-550 
550-625 
2$ Methanol in Benzene 
2$ 
2$ 
2$ 
2$ 
2$ 
4$ 
4$ 
4$ 
4$ 
ti 
n 
ti 
it 
ti 
ti 
ti 
it 
ii 
ti 
II 
ti 
it 
II 
n 
II 
it 
ti 
50$ Methanol in Chloroform 
50$ n II 
mg. 
0.0 
0.5 
51.8 
14.0 
18.4 
4.0 
4.7 
4.9 
4.7 
4.9 
14.0 
7.4-
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The fraction at 100-150 ml. had an IR spectrum consistant with a 
C__ saturated acid and had the same R- as palmitic acid on thin layer 
chromatography (Silica Gel G, hexane-ether-acetic acid 60:40:1). The 
fraction at 200-250 ml. (fraction A) Bhowed two spots with dlchlorofluorescein 
on thin layer chromatography in the same solvent system: a major spot at 
Rj 0.17, corresponding to «-hydroxypalmitic acid, and a minor spot at the 
origin. 
d. oc-Hydroxypalmltic Acid 
Fraction A was dissolved in 75$ aqueous ethanol and 
cooled giving a few milligrams of precipitate (A-l). The filtrate was 
diluted with an equal volume of water and cooled giving 9 mg. of precipitate 
(A-II). A-I showed only a faint spot corresponding to oc-hydroxypalmitio 
acid on thin layer chromatography in addition to a strong spot at the 
origin. A-II showed a major spot corresponding to cx-hydroxypalmitic acid 
and a minor spot at the origin. A-II which was amorphous, melted and 
crystallized at 80-82°. The crystals then melted at 85-91°. Two melting 
points are reported for tx-hydroxypalmitic adds 86-87° (84) and 93.3-93.6° 
(75). 
One milligram of A-II was esterified with diazomethane according to 
the proceedure of Schlenk and Gellerman (82). Vpc analysis (20$ QF-1 on 
Chromosorb W, 196°, 85 ml. per min. helium) showed two peaks: a major 
peak at 7.5 min. corresponding to methyl a:-hydroxypalmitate, and a minor 
peak (less than 5$ of the total) at 3.3 min. corresponding to methyl penta-
decanoate (Fig. 6). 
A 7.7 mg. sample of acid A-II (0.028 mM) was dissolved in 0.5 ml. 
of methanol, 0.28 ml. of 0.1 N NaOH and 0.22 ml. of water. The optical 
46 
Figure 6 
Vapor Phase Chromatography of A-II Methyl Ester 
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rotation of this solution was measured in a 1 dm< cell ( + 0,081 ) and the 
specific rotation was calculated to be jVL = +10.5° (c 0.77 in 50$ aqueous 
ethanol). The sodium salt of D-ar-hydroxypalmitic acid has a speoifio 
rotation M p - + 16° (c 1.49 in 50$ aqueous ethanol) (75). 
D. PGL-Precursor 
1. Silicic Acid Chromatography 
Three grams of flax PGL-precursor was applied to a 150 g. 
silicic acid column. Elution was carried out with chloroform followed by 
increasing amounts of methanol in chloroform. Fifty-milliter fractions were 
collected. A weight curve is shown in Fig. 7. Six peaks (A-F) were eluted 
and analyzed as shown in Table 5. Only about 70$ of the original material 
was eluted even after elution with 100$ methanol. 
Paper chromatography of acid hydrolysates of peaks A, E and F showed 
the presence of inositol, glycerol, glucosamine, flucuronic acid, mannose 
and other sugars in all three peaks. 
2. Chelex-100 Chromatography 
PGL-precursor contained 1.39$ calcium and magnesium. These 
metal ions were removed by the following proceedure. Six grams of PGL-
precursor were dissolved in 35 ml. of pyridine. This solution was added 
dropwise to 300 ml. of water with vigorous stirring. After stirring for 
fifteen minutes a homogeneous emulsion was obtained. This emulsion was 
applied to a 100 ml. column of Chelex-100 resin (Bio Rad, 100-200 mesh, 
Na form). The emulsion was allowed to percolate slowly through the column 
and the column was washed with 100 ml. of water. The clear effluent solution 
was lyophilized giving 6 g. of fluffy white material. Analyses for P, N, 
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Table 5 
Silicic Acid Chromatography of PGL-Precursor 
Peak 
A 
B 
C 
D 
E 
F 
Weight 
mg. 
796 
222 
48 .1 
79.1 
402 
219 
N 
$ 
0.98 
1.1 
0.95 
LCB-N 
$ 
0.44 
0.44 
0.29 
P 
$ 
2.59 
2.56 
3.15 
Anthrone 
$ 
11.29 
-
12.12 
4.42 
Glucosamine 
$ 
3.1 
2.9 
3.5 
2.0 
LCB-N and anthrone were the same as for the starting material (N, 1.19; 
LCB-N, O.46; P, 2.54; Anthrone, 11.8). The calcium and magnesium content, 
however was 0.07$. This material was moderately soluble in water and quite 
soluble in pyridlne-water 1:10. 
3. Sephadex Chromatography 
One-half gram of calcium and magnesium-free PGL-precursor was 
applied to a 400 g. G-25 Sephadex column in 10 ml. of pyridlne-water (1:4). 
Elution was begun with water, Seven-railliliter fractions were collected 
after the hold-up volume of 610 ml. had passed through. One drop from 
every other tube was analyzed by a modification (85); of • th«jaiicro*^ plios« 
phorous determination described by Bartlett (86). The material eluted as 
one broad peak from 0 to 350 ml. after the hold-up volume. 
E. Disaccharide Lipid from PGL 
1. Hydrolysis of PGL 
a. Soybean PGL 
Two grams of soybean PGL were refluxed in 9 ml. of 
0.6 N absolute methanolic HCl for three hours. The clear hydrolysate was 
placed in the cold room overnight. The insoluble material was filtered 
and washed with cold methanol giving 4-62 mg. of tan solid. 
b. Flax PGL 
Twelve grams of flax PGL were refluxed in 257 ml. of 
0.6 N absolute methanolic HCl for three hours. The hot hydrolysate was 
decanted from a small amount of insoluble material. The solution was placed 
in the cold room overnight and filtered giving 3.4 g. of tan solid. 
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This material was treated with 100 ml. of boiling chloroform-methanol (1:1) 
and placed in the cold room overnight. The solution was filtered giving 
2.05 g. of white solid. 
2. Silicic Acid Chromatography 
a . Soybean Lipid 
The methanol-lnsoluble hydrolysate (462 mg.) from 
soybean PGL was chromatographed on a 50 g, s i l i c i c acid (Unisil) column. 
Elution was carried out with 10 to 50$ methanol in chloroform. A weight 
d is t r ibut ion curve i s shown in Fig. 8. Tubes 25-30 were combined and 
crys ta l l ized from chloroform-methanol giving 100 mg. of a white solid 
which decomposes at 208°. 
Analysis Calcd. for C52H100N2022P,2H20: C, -53.3; H, 8.94; N, 2.39; 
P, 2.65. 
Found: C, 53 .1 ; H, 8.93; N, 2.02; P, 2 . 6 1 . 
Paper chromatography of an acid hydrolysate showed no galactose, 
mannose or arabinose. 
b . Flax Lipid 
Two grams of the chloroform-methanol-inaoluble 
hydrolysate from Flax PGL was chromatographed on a 100 g. silicic acid 
(Unisil) column. A peak (600 mg.) was eluted with 50$ methanol in chloroform. 
This material had the same R« value as the soybean lipid on thin layer 
chromatography. 
Figure 8 
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Silicic Acid Chromatography of Soybean Lipid 
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3. Thin Layer Chromatography 
Thin layer chromatography was carried out on Anlsil-S with 
the solvent system chloroform-methanol-water (60:35:8). Iodine vapor was 
used to detect the spots. Both the soybean lipid and the flax lipid gave 
two spots of equal intensity at Rf 0.40 and 0.45. PGL did not migrate in 
this solvent system. 
F. Carbohydrate Fractions from Flax Phosphatide 
1. Glacial Acetic Acid Extract 
a. Acetic Acid Extraction 
Acetone-washed flax phosphatide (200 g.) was slurried 
with 600 ml. of glacial acetic acid in a Waring blender, and the suspension 
poured into 1400 ml. of glacial acetic acid in a four-liter beaker. After 
stirring, the suspension was filtered on a Buohner funnel and re-extracted 
with one liter of glacial acetic acid. The acetic acid extracts were 
combined and concentrated in vacuo in a flash evaporator at room temperature. 
This material was lyophlllzed giving 100 g. of acetic acid-soluble material 
(N, 1.41; P, 3.78; LCB-N, 0.049). 
b. Chloroform-Methanol-Water Distribution 
The acetic acid-soluble fraction (100 g.) was dissolved 
in 1600 ml. of chloroform-methanol (2:1) and shaken with 1000 ml. of water 
in a separatory funnel. An emulsion formed which cleared after standing 
overnight. The chloroform layer was separated and washed with an additional 
500 ml, of water. 
The aqueous extracts were combined and washed with 1000 ml, of 
chloroform. The aqueous extract was concentrated in vacuo and lyophlllzed 
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giving 9.1 g. of semi-crystalline light yellow solid (N, 1.10; P, 0.52; 
LCB-N, 0.014; Anthrone, 24.8). Paper chromatography of an acid hydrolysate 
(6 N HCl at 100° for 12 hours) in a 2-propanol-acetic acid-water system 
(3:2:1) showed the presence of glycerol, inositol and choline. 
The chloroform extract was evaporated to dryness and lyophlllzed 
from benzene giving 86.5 g. of light tan powder (N, 0.78; P, 2.76; LCB-N, 
O.06). 
c. Chloroform-Soluble Fraction 
1. Thannhauser-Schmidt Hydrolysis 
The chloroform-soluble fraction (86.5 g.) was 
suspended in 2500 ml. of 1 N K0H and stirred for twenty-four hours at 37°. 
It was acidified to pH 1 with 5 N HCl (500 ml.). Five liters of acetone 
were added and the precipitate was collected by filtration, washed with 
0.5 N HCl-acetone (1:2) followed by acetone and dried in vacuo giving 
3.07 g. of light tan powder (N, 0.17; P, 0.l6j Anthrone, 2.12). The IR 
spectrum of this material was devoid of ester absorption in the 1730 cm.--'-
region. This material gave a negative ninhydrin test and a strong positive 
Liebermann-Burchard teBt indicating the presence of a large amount of sterol. 
ii. Silicic Acid Chromatography 
A 350 g. silicic acid column was prepared 
and 2.5 g. of the Thannhouser-Schmidt-insoluble fraction was applied in 
a small amount of chloroform. The column was eluted with chloroform followed 
by 10, 20, 40 and 80$ methanol in chloroform and finally 100$ methanol. 
Forty-five-milliliter fractions were collected and combined according to 
weight distribution. The peak fractions are shown below. 
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Fractions MeOH in CHC1 .j Weight Anthrone Liebermann- Nlnhydrin 
Burchard 
45-49 
50-67 
74-94 
95-107 
108-118 
140-150 
$ 
10 
10 
20 
40 
4-0 
80 
mg. 
1050 
650 
350 
64 
35 
38 
positive 
positive 
positive 
negative 
positive 
positive 
negative 
negative 
Fraction 140-150 showed a fairly strong amide band in the IR at 
1650 cm" , suggestive of a sphingolipid. Paper chromatography of the acid 
hydrolysate (6 N HCl at 100 for 12 hours) in a 2-propanol-acetic acid-
water (3:2:1) system showed the presence of inositol and possibly a trace 
of glycerol. No choline, serine or ethanolamine could be detected. 
d. Aqueous Fraction 
Eight grams of the water-soluble fraction was refluxed 
in 300 ml. of methanol until a fine suspension of solid material was obtained. 
The solution was cooled overnight and filtered giving 2,1 g. of white solid 
(P, 0.81; N, 1.29; Anthrone, 35.0). This material was nlnhydrin positive 
and gave a positive Disch carbazole test for hexuronic acid. 
Paper chromatography of an acid hydrolysate (6 N HCl at 100° for 
12 hours) of this material in a 2-propanol-acetic acid-water (3:2:1) system 
revealed a spot corrisponding to inositol (R» 0.15) and a faint spot 
corrlspondlng to glycerol (Rf 0.59) with periodate-benzidine spray. Nlnhydrin 
spray gave a purple streak of Rf 0.17-0.26 which could be glucosamine 
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(Rf 0.23 and 0.26), and other undentified spots. The Chargaff-Levine test 
for oholine revealed no oharacteristio blue spot. Paper chromatography 
of a mild acid hydrolysate (0.5 N H2SO4 at 100° for 12 hours) showed only 
the presence of mannose. 
2. Water-Soluble Fraction from Crude Phosphatide 
a. Chloroform-Methanol-Water Distribution 
Crude acetone-washed flax phosphatide (100 g.) was 
slurried with a small amount of chloroform-methanol (2:1) in a Waring 
blender and transferred to a separatory funnel containing 1600 ml. of 
chloroform-methanol (2:1) and 1000 ml. of water. After shaking, the emulsion 
was allowed to stand overnight and the chloroform layer was removed. The 
aqueous layer was washed with one liter of lower phase of a chloroform-
methanol-water (2:1:2) system. The aqueous extract was concentrated in 
vacuo and lyophlllzed giving a semi-crystalline yellow solid. This material 
was suspended in boiling methanol, cooled overnight and filtered giving 
3.7 g. of white solid (P, 1.50; N, 1.33; Anthrone, 32.0). 
b. Paper Chromatography 
The water-soluble, methanol—insoluble fractions from 
the crude phosphatide and from the glacial acetic acid extract were chromato-
graphed in an ascending manner with n-butanol-pyridine-water (6:4:5). The 
following spots were detected with three different sprays. 
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Spray Rf Values of Methanol-insoluble Fractions 
Direct from Phosphatide From Acetic Acid Extract 
Haynes-Isherwood 0.00; 0.073; 0.19 0.04; 0.07; 0.19 
Nlnhydrin 0.06; 0.013 0.06; 0.13 
Periodate-Benzidine 0.06; 0.19 0.02; 0.06; 0.19 
The Rf 0.063 spot (periodate-benzidine) was the major component in both 
cases, although it was several times stronger in an equal amount of methanol-
insoluble material obtained directly from the crude phosphatide. 
c. Sephadex Chromatography 
A large Sephadex (G-25 medium) column (4-5 by 100 cm.) 
was prepared and had a hold-up volume of about 675 ml. One gram of the 
methanol-insoluble material (obtained directly from phosphatide) was applied 
to the column in 3 ml. of~water. Elution was begun with water and 6-ml. 
fractions were collected after the first 600 ml. of effluent were collected. 
The fractions were lyophlllzed and a weight distribution curve plotted 
(Fig. 9). The major peak eluted at 1250 ml. and had a P to N ratio of 
1.07 and a P to hexuronic acid ratio of 2.0 ( P, 1.69; N, 0.71). Paper 
chromatography of the acid hydrolysate (6 N HCl at 100° for 5 hours) in 
2-propanol-acetic acid-water showed a spot for inositol, but little or no 
glycerol and no glycerol phosphate or inositol phosphate. 
Figure 9 
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V. SUMMARY 
1. Dehydrophytosphingosine was isolated from flax PGL and separated 
from a small amount of the saturated base by countercurrent distribution 
of the N-benzoyl-triacetyl derivatives. 
Analyses of the long chain base compositions of flax, soybean, peanut 
and corn PGL gave the following ratios of saturated to unsaturated phyto-
sphingosine: flax, 15:85; soybean, 20:80; peanut, 50:50; corn, 90:10. 
2. Oxidative cleavage of the double bond in dehydrophytosphingosine 
showed it to be in the C 8,9 position. Studies on the stereochemistry of 
phytosphingosine established the configuration as D-ribo-1.3.4-trihydroxy-
2-aminooctadecane. 
3. A proceedure was developed to remove calcium and magnesium ions 
from PGL-precursor. Fractionation of PGL-precursor was studied by siliaic 
acid and Sephadex chromatography. 
4. A disaccharide lipid was prepared from PGL by mild acid hydrolysis. 
Thin layer chromatography of this lipid was studied. 
5. A novel oligosaccharide was isolated after chloroform-methanol-
water distribution of flax phosphatide. It contained phosphorous, inositol, 
glucuronic acid, glucosamine and mannose. Since these carbohydrates are 
also components of PGL, an interesting question is raised concerning the 
biochemical significance and relationship of this oligosaccharide to PGL. 
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